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Introduction
Diabetes mellitus is a major metabolic disorder affecting more than 285 million people worldwide (1) . 90% of the patients suffer from type 2 diabetes, which is characterized by glucose intolerance, insulin resistance and defects in pancreatic insulin secretion (2) . Insulin exerts its effects in target tissues by binding to insulin tyrosine kinase receptors, resulting in the recruitment and phosphorylation of insulin receptor substrate (IRS) proteins. In particular IRS1 and IRS2 were shown to play critical roles in insulin signalling by transmitting receptor stimulation to the activation of PI3 kinase/AKT and Erk MAPK pathways, which mediate the metabolic and mitogenic effects of insulin, respectively (3) . In addition, activation of PI3 kinase also triggers the translocation of vesicles containing glucose transporter 4 (GLUT4) from intracellular storage pools to the cell membrane, thereby enabling uptake of glucose into the cell (4).
A major cause of insulin resistance and type 2 diabetes is thought to be dysfunctional regulation of cellular signal transduction downstream of the insulin receptor (5, 6) . Several studies provided evidence for dysregulation of key signalling molecules, such as IRS1, IRS2 and AKT1, in insulin resistant cells and tissues due to altered transcriptional or posttranslational (such as ubiquitin-mediated proteasomal degradation) activities (7) . Timely degradation of intracellular proteins by the ubiquitin-proteasome system (UPS) is a precisely controlled process that regulates a broad spectrum of fundamental cellular functions, ranging from cell cycle progression to signal transduction. Central to this process is the recognition of a substrate protein by an E3 ubiquitin ligase, a pivotal step for initiating the ubiquitination reaction that joins the target protein covalently with polyubiquitin chains, thereby leading to its degradation by the 26S proteasome (8) .
We have previously identified IRS1 as a proteolytic target of Cullin-RING E3 ubiquitin ligase 7 (CRL7), a multimeric enzyme composed of the scaffold protein Cullin7 (CUL7), the RING finger protein ROC1 and the SKP1-FBXW8 substrate targeting subunit (9) (10) (11) . It was shown that CRL7 induced degradation of IRS1 is part of a negative feedback loop via mammalian target of rapamycin complex 1 (mTORC1) and p70 S6 kinase (S6K) activities to restrain PI3 kinase/AKT signalling upon activation of the insulin-like growth factor 1 (IGF-1) receptor (9, 10) . Collectively, these studies provided experimental evidence for a novel role of CRL7 in IGF-1 signalling in vitro. Based on these observations, we sought to investigate whether CRL7 also contributes to the regulation of insulin signalling and evaluate its biological relevance in vivo.
Materials and Methods

Animals
Cul7 +/− mice were generated by replacing exons 2-4 of the Cul7 gene with a PGK-neo cassette as described in detail previously (9) . Fbxw8 +/− mice were generated by injecting embryonic stem cells harboring a gene trap insertion in intron 3 of the Fbxw8 gene (Clone RRT057, BayGenomics gene-trap resource) into C57BL/6J blastocysts (12). The injected blastocystes were then transplanted into pseudopregnant females using standard protocols (13) . A similar approach was used by DeCaprio and colleagues (14) . Both strains were maintained on a hybrid 129/SvJ X C57BL/6 background. All experiments were performed with female 8 -12 week old mice that were kept on a 12 hour light/dark cycle with free access to food and water. All protocols were reviewed and approved by the Institutional Animal Care and Use Committee of Mount Sinai School of Medicine (New York, USA) and the State Government of Bavaria (Germany).
Insulin Tolerance Tests
For insulin tolerance tests (ITT), 6 hour fasted mice were intra-peritoneally injected with a bolus of human insulin at 0.75 units per kg of body weight (Novolin R; Novo Nordisk, Denmark) according to standard protocol (15) . Control animals received an intra-peritoneal bolus of saline (0.9% NaCl). Blood glucose levels were determined in tail vein blood at the indicated times (0 to 120 min) with a glucometer (Aventis Pharma, Frankfurt, Germany).
Insulin Signalling Studies in vivo
For assessment of insulin signalling pathways in vivo, mice were fasted for 6 hours and intra-peritoneally injected with human insulin at 2 units per kg of body weight (Humalog, Lilly, Bad Homburg, Germany) or 0.9% NaCl (control group). After 5 min mice were sacrificed by cervical dislocation and tissue collected. Gastrocnemius muscles were removed and snap frozen in liquid nitrogen. Tissues were homogenized in ice-cold lysis buffer (50 mM HEPES, pH 8.0, 5 mM EDTA, 15 mM NaPP tetrabasic, 25 mM NaF, 100 mM BGP, 2 mM Na 3 VO 4 , 0.1 % Triton X-100 and phosphatase and protease inhibitors) using a motordriven ultra turrax (IKA, Staufen, Germany). Homogenates were centrifuged at 14,000 x g for 10 min at 4°C, and supernatants stored at −80°C until analysis.
Insulin Signalling Studies in vitro
For insulin signalling studies in vitro, mouse embryonic fibroblasts (MEFs) of Cul7 −/− and Cul7 +/− embryos were isolated from pregnant mice at day 14.5 p.c. and grown in DMEM with 10% FCS as described previously (9) . For analysis of signalling pathways, MEFs were serum starved for 16 h and stimulated with 100 nM insulin for various time intervals. Cell extracts (50 μg of protein) were separated by 10% SDS-PAGE followed by immunoblot analysis. Murine C2C12 myoblasts were obtained from ATCC (Wesel, Germany) and cultured in DMEM (4,500 mg/l glucose) containing 10% FCS. For differentiation to myotubes, medium was switched to DMEM with 2% horse serum for 7 to 10 days. For signalling experiments, C2C12 myotubes were transfected with CUL7 (On Target Plus SMART pool, Dharmacon, Colorado) or scramble siRNA for 48h following the manufacturer's instructions. At 32 h post-transfection, C2C12 myotubes were serum starved for 16 h before exposure to insulin (100 nM) or DMEM (controls) for various time intervals (15, 30 and 45 min) . For analysis of insulin triggered IRS1 degradation kinetics, C2C12 myotubes were serum deprived for four hours, treated with emetine (10 μm) and stimulated with insulin (100 nM) for various time intervals (4, 8 and 16 hours) . Cells were then washed in ice-cold PBS and lysed in buffer containing 20mM Tris-HCl (pH 8.0), 140mM NaCl, 1mM MgCl 2 , 1mM CaCl 2 , 1mM dithiothreitol, 10% glycerol, 0.02mM p-amidino phenylmethanesulfonyl fluoride, 1% Nonidet® P-40 substitute, 0.5mM Na 3 VO 4 and 20mM Na 4 P 2 O 7 .
Immunoblotting Analysis
Lysate protein was resolved by SDS-PAGE and transferred to PVDF membranes (Bio-Rad Laboratories, Richmond). Phosphorylated and total proteins were identified by immunoblotting using the following primary antibodies: polyclonal anti-P-AKT (Ser473), anti-P-Erk (Thr202/Tyr204) and anti-AKT, monoclonal anti-Erk 1/2 (Cell Signaling, Danvers, MA); polyclonal anti-IRS1 (Millipore, Billerica, MA); monoclonal anti-CUL7 (Sigma-Aldrich, Steinheim, Germany) and anti-HSP90 α/β (F-8) (Santa Cruz Biotechnology, Santa Cruz, CA). Secondary horseradish peroxidase-conjugated goat antimouse IgG and anti-rabbit IgG antibodies were from Cell Signalling (Danvers, MA).
2-[ 3 H] deoxy-D-glucose uptake assays
To quantify cellular glucose influx upon insulin stimulation, 2-[ 3 H] deoxy-D-glucose (2-DOG) uptake measurements were carried out in C2C12 myotubes according to standard protocol (16) . Briefly, cells were incubated for 10 min in Krebs-Ringer buffer containing 2-[ 3 H] deoxy-D-glucose (0.2 mCi/ml) in the presence or absence of 100nM insulin. Cytochalasin B (20μM) was used to block non-specific glucose uptake. Cells were lysed in PBS containing 0.2M NaOH and radioactivity measured with a liquid scintillation counter (Packard, Canberra, Australia).
Reagents
Dulbecco's modified Eagle's medium (DMEM), fetal calf serum (FCS) and horse serum were from Pan-Biotech (Aidenbach, Germany). All other reagents used were of analytical grade from Sigma-Aldrich (Steinheim, Germany) or Applichem (Darmstadt, Germany).
Statistical Analysis
Results are expressed as mean ± SD or SEM. Comparisons between groups were made by unpaired two-tailed Student's t test or one-way analysis of variance (ANOVA), as appropriate. Statistical differences were determined using Prism GraphPad software (La Jolla, CA). For all analyses, P values of < 0.05 were considered statistically significant.
Results
Loss of CUL7 is associated with hyper-activation of AKT and Erk in response to insulin
We previously identified IRS1 as a substrate of CRL7 and demonstrated that mouse embryonic fibroblasts (MEFs) deficient of Cul7 display hyper-activation of IRS1 downstream PI3K/AKT and Erk MAPK pathways upon IGF-1 stimulation (9). As both IGF-1 and insulin receptors utilize IRS1 for signal transduction (3), we sought to further investigate the effect of insulin receptor activation in Cul7 +/+ , Cul7 +/− and Cul7 −/− MEFs. When compared to the Cul7 +/+ cells (Fig. 1A , lane 1-4), insulin stimulation for 15, 30 and 60 min resulted in enhanced activation and duration of PI3K/AKT (as evidenced by phosphorylation of AKT at S473) in Cul7 +/− (lanes [5] [6] [7] [8] and to a higher extent in Cul7 −/− MEFs (lanes 9-12). Activation of the Erk1/2 MAPK pathway (as evidenced by phosphorylation of Erk1/2 at Thr202/Tyr204, respectively) was moderately increased in Cul7 −/− MEFs when compared to controls cells (Fig.1A, lanes 9-12 vs. 1-4) . These results suggest that loss of Cul7 in MEFs is associated with hyper-activation of signalling pathways downstream of the insulin receptor. To further corroborate these findings we employed murine C2C12 myotubes, a well-established in vitro model for the study of insulin action (17) . After differentiation of C2C12 muscle progenitor cells to myotubes, siRNA directed against CUL7 mRNA (or scramble control) was transfected followed by immunoblot analyses. CUL7 knockdown efficacy was approx. 85% ( Fig. 1B and C) . Upon exposure to insulin, CUL7-depleted C2C12 cells showed an enhanced phosphorylation of both AKT (AKT pSer473 ) and Erk MAPK (Erk pThr202/Tyr204 ) ( Fig. 1B ; lanes 5-8) when compared to scramble siRNA treated cells (lanes 1-4) . Collectively, these findings indicate that loss of CUL7 results in enhanced PI3K/AKT and Erk MAPK activation upon insulin stimulation, thereby supporting a role for CRL7 in the regulation of the cellular insulin signalling.
Depletion of CUL7 impairs insulin-induced IRS1 degradation in C2C12 myotubes
Several previous studies have shown that chronic exposure of cells to insulin triggers the degradation of IRS1 by the 26S proteasome (18) (19) (20) (21) . To test if CRL7 participates in insulinmediated IRS1 degradation, CUL7 siRNA and control transfected C2C12 myotubes were treated with the ribosomal inhibitor emetine and chased with insulin for 4, 8 and 16 hrs. In accordance with a previous study (22) , the half-life of IRS1 in C2C12 myotubes was less than 4 hours (Fig. 2, lanes 1-4) . Insulin stimulation led to a significant reduction of IRS1 protein (lanes 5-7), which could be partially rescued by proteasomal inhibition with MG132 (lanes 8-10). Strikingly, CUL7 depletion resulted in a robust stabilization of IRS1 even after 16 hours of insulin treatment (lanes [11] [12] [13] [14] . These results suggest that CRL7 plays a central role for IRS1 proteasomal degradation during chronic insulin stimulation in C2C12 myotubes.
Enhanced glucose uptake upon CUL7 depletion in vitro
In skeletal muscle cells, binding of insulin to its receptor triggers PI3 kinase-mediated translocation of GLUT4 glucose transport proteins from intracellular vesicles to the cell membrane, enabling the uptake of glucose from the plasma (4). To determine whether the observed hyper-activation of the PI3K/AKT pathway in CUL7-depleted C2C12 myotubes impacts on cellular glucose influx, 2-deoxy-D-( 3 H)-glucose (2-DOG) uptake assays were performed. As shown in Fig. 3 , CUL7 depletion resulted in a significant increase of 2-DOG uptake upon insulin stimulation when compared to scramble siRNA-treated control cells (6.4% vs. 27.8%; P = 0.002). These results indicate that inactivation of CRL7 in C2C12 myotubes facilitates insulin-triggered glucose influx. In summary, the in vitro experiments in MEFs and C2C12 cells provide evidence that loss of CUL7 leads to increased activation of insulin signalling pathways and cellular glucose uptake, as well as diminished capacity of these cells to execute insulin-induced degradation of IRS1.
CRL7 haploinsufficiency is associated with enhanced insulin-dependent AKT pathways in skeletal muscle tissue of Cul7 +/− or Fbxw8 +/− mice
Given the above in vitro data linking CRL7 to insulin signalling, we next studied skeletal muscle tissue of heterozygous Cul7 or Fbxw8-deficient mice to assess a potential role for this E3 ligase in insulin signalling and glucose homeostasis in vivo. Skeletal muscle is responsible for 70-90% of insulin-stimulated glucose disposal (23, 24) and expresses high transcript levels of CUL7 (25) . For in vivo insulin signalling studies, only heterozygous CRL7-deficient mice were available to us because homozygous deletion of Cul7 resulted in perinatal lethality as described previously (9, 26) . We obtained no homozygous Fbxw8 −/− offspring from a total of 223 mice generated, which yielded 36 Fbxw8 +/+ and 187 Fbxw8 +/− . Cul7 and Fbxw8 heterozygous mice were food deprived for 6 hours and insulin or saline was injected intra-peritoneally. After 5 min, mice were sacrificed and gastrocnemius muscle snap frozen in liquid nitrogen and tissue lysates subjected to immunoblot analyses for activated PI3K /AKT as the predominant signalling pathway regulating glucose uptake (27) . Insulin application resulted in an approx. 3.5-fold increase of AKT activation (as evidenced by pS473 phosphorylation) in both Cul7 +/+ and Fbxw8 +/+ mice when compared to saline controls (Fig. 4 A and B; lanes 4-6 vs. 1-3 ).
In contrast, AKT pS473 phosphorylation was markedly increased in Cul7 +/− mice (5.8-fold, P < 0.001) and Fbxw8 +/− mice (9.1-fold, P < 0.001) when compared to saline treated Cul7 +/+ and Fbxw8 +/+ mice, respectively (Fig. 4 A and B; lanes 10-12 vs. 1-3 ). In addition, the increment of pS473 phosphorylation upon insulin stimulation was significantly higher in both Cul7 +/− and Fbxw8 +/− mice (Fig. 4 A and B; lanes 10-12) when compared to insulintreated Cul7 +/+ and Fbxw8 +/+ mice (lanes 4-6), respectively (P < 0.01 and P < 0.05). Of note, similar results were obtained with antibodies directed against AKT pT308 (data not shown). Thus, CRL7 haploinsufficiency results in hyper-activation of the PI3K/AKT pathway upon insulin stimulation.
Cul7 +/− or Fbxw8 +/− mice display enhanced clearance of blood glucose in response to insulin
We next investigated physiological relevance of CRL7-mediated insulin signal pathway modulation for glucose homeostasis in vivo. To this end, insulin tolerance tests (ITT), a well established method for the estimation of in vivo insulin action (28) , were performed with Cul7 and Fbxw8-heterozygous mice, respectively.
Baseline plasma glucose concentration of Cul7 +/+ mice was 141 mg/dl (+/− 6.3 mg/dl) and 134 mg/dl (+/− 6.5 mg/dl) for Cul7 +/− mice. 60 min after intra-peritoneal application of 0.75 U / kg body weight insulin, the Cul7 +/+ mice displayed a decline of plasma glucose level to 90 mg/dl (+/− 12.0 mg/dl) whereas Cul7 +/− mice showed an exaggerated decline (49 mg/dl +/− 10.2 mg/dl), corresponding to a decrease by 43% and 63%, respectively (Fig. 5A ). In line with these findings, the integrated area under the curve (AUC) of blood glucose measurements was significantly smaller in Cul7 +/− mice when compared to Cul7 +/+ mice ( Fig. 5B ; P = 0.007).
Similar results were obtained with the Fbxw8 haploinsufficiency model. Baseline blood glucose levels after 6 hour fasting of Fbxw8 +/+ or Fbxw8 +/− mice were 142 mg/dl (+/− 7.9 mg/dl) and 130 mg/dl (+/− 6.0 mg/dl), respectively. The results of the ITT revealed that the blood glucose levels decreased more rapidly in Fbxw8 heterozygous than in the wild-type mice. After 60 min, blood glucose levels were decreased by ~68% to 46 mg/dl (+/− 4.7 mg/ dl) in the Fbxw8 +/+ and by ~77% to 30 mg/dl (+/− 3.5 mg/dl) in Fbxw8 +/− mice, respectively (Fig. 5C ). Integration of AUC demonstrated a significantly higher glucose clearance of Fbxw8 +/− compared to Fbxw8 +/+ mice ( Fig. 5D ; P < 0.05).
Taken together, these data indicate that loss of either a Cul7 or Fbxw8 allele results in enhanced clearance of blood glucose in response to insulin in vivo.
Discussion
In this study we provide both in vitro and in vivo evidence for a regulatory role of CRL7 in regulation of insulin signalling and glucose homeostasis. We show that Cul7 −/− mouse embryonic fibroblasts displayed an increase in the activation of AKT and Erk phosphorylation upon insulin stimulation. Depletion of CUL7 by siRNA in C2C12 myotubes led to enhanced activation of downstream pathways of the insulin receptor, cellular glucose uptake upon insulin stimulation, and impaired insulin-triggered proteasomal degradation of IRS1. Finally, by using two different CRL7 haploinsufficiency mouse models (Cul7 +/− and Fbxw8 +/− mice), we demonstrated that loss of either a Cul7 or Fbxw8 allele resulted in hyper-activation of the PI3K/AKT signalling pathway upon insulin stimulation in skeletal muscle and plasma glucose clearance in vivo.
Our previous work demonstrated a role for CRL7 in targeting IRS1 for proteasomal degradation in the context of IGF-1 signalling (9). Ablation of Fbxw8 and Cul7, respectively, led to an accumulation of IRS1 and resulted in increased activation of IRS1 downstream pathways upon IGF-1 stimulation. Because IRS1 is a nodal point shared by IGF-1 and insulin receptors, we continued to investigate in the present study the effects of CRL7 on insulin signalling. Sun et al. (20) first showed that degradation of IRS1 during prolonged exposure to insulin is controlled by the UPS. We observed that chronic insulin stimulation for 4-16 hours in C2C12 myotubes resulted in IRS1 proteolysis which was prevented by either MG132 treatment or siRNA directed against CUL7 (Fig. 2) . These results indicate that CRL7 is critically involved in insulin-triggered IRS1 regulation in skeletal muscle-derived cells. Of note, a number of additional E3 ubiquitin ligases have been reported to contribute to the regulation of IRS1 stability. SOCS1 and 3 were shown to promote the degradation of IRS proteins, which may be involved in inflammation-induced insulin resistance, suggesting a role for CUL5 in targeting IRS1 for degradation (29) . The Cbl-b RING E3 ligase was shown to degrade IRS1 during states of muscle atrophy (30) . A recent report by Glass and co-workers identified the muscle-specific SCF Fbxo40 as an E3 ligase responsible for IRS1 degradation upon IGF-1 stimulation (22) . Fbxo40 was upregulated during muscle differentiation and Fbxo40 knockdown rescued IGF-1 induced proteolysis of IRS1. Whether and how these E3s contribute to control insulin signalling remain to be defined.
We observed that C2C12 cells depleted of CUL7 (Fig. 1 ) and muscle tissue of mice heterozygous for either Cul7 or Fbxw8 (Fig. 4 ) displayed enhanced activation of IRS1 downstream signalling pathways upon insulin stimulation, thus suggesting a regulatory role for CRL7 in insulin signalling on the cellular and tissue level. Mechanistically, several lines of evidence have indicated that IRS1 protein homeostasis is regulated by a negative feedback loop via mTOR and its effector kinase S6K. Initial evidence for a negative feedback loop stems from mice heterozygous for tuberous sclerosis 2 (TSC2) in the context of tumor suppression (31) . TSC2 is an inhibitor of ras homologue enriched in brain (RHEB) and hence the loss of TSC2 leads to activation of mTOR/S6K. It was shown that Tsc2 +/− mice develop benign tumors due to suppressed PI3K/AKT that resulted from enhanced mTOR/S6K induced IRS1 degradation (31) . In the context of insulin signalling, Haruta et al. have initially observed that IRS1 degradation upon insulin exposure requires PI3K and mTORC1, as IRS1 down-regulation was sensitive to treatment with the PI3K inhibitor wortmannin and the mTORC1 inhibitor rapamycin (19) . Further, it was shown that CRL7-IRS1 interaction and CRL7 mediated degradation of IRS1 depends on mTOR/S6K activity (9, 10), reviewed in (32) . In addition, Stahl and co-workers identified the hominoid-specific protein TBC1D3 as a repressor of IRS1 ubiquitination and degradation of IRS1 via combined inhibitory action of TBC1D3 and PP2A on S6K (33) . Taken together, these data suggest that disruption of mTORC1/S6K feedback control via CRL7 is at least in part responsible for hyper-activated insulin signalling in cells devoid of CRL7 function.
In addition, work by Jacinto and co-workers has demonstrated a novel role for the rapamycin-insensitive mTOR complex 2 (mTORC2) in CRL7 mediated IRS1 degradation (34) . mTORC2 was shown to phosphorylate Fbxw8 on Ser86 resulting in increased Fbxw8 stability, leading to reduced IRS1 proteins levels. Thus, both mTORC1 and mTORC2 appear to contribute to the regulation of insulin signalling via CRL7 mediated IRS1 degradation and underscore a central role played by CRL7 within the mTOR-S6K-IRS1 axis of insulin signalling.
In the present study, loss of CRL7 functionality in C2C12 myotubes (Fig. 3) and heterozygous knockout mice for either Cul7 or Fbxw8 (Fig. 5 ) resulted in enhanced glucose uptake and insulin induced plasma glucose clearance, respectively. These results support a model in which CRL7 contributes to the regulation of glucose homeostasis and energy metabolism on both the cellular and organismal level. The mTORC1/S6K-IRS1 feedback loop has been suggested to directly contribute to the pathogenesis of diabetes. It was shown that hyper-activation of mTORC1 caused by overfeeding in mice resulted in insulin desensitization via mTORC1/S6K1-IRS1 feedback signalling (35) . In addition, downregulation of IRS1 suppressed PI3 kinase / AKT activity, causing a reduction of glucose uptake and glycogen synthesis in liver and muscle, as well as increase of gluconeogenesis and glucose release by the liver. In further support of the role of the mTORC1/S6K1-IRS1 feedback loop in the pathogenesis of type 2 diabetes, S6K1-deficient mice displayed enhanced insulin sensitivity when chronically maintained on a high fat diet (35) . Of note, Zou and co-workers have recently identified liver kinase B1 (LKB1), a central regulator of energy metabolism, as novel regulator of CRL7 and CRL7-mediated IRS1 degradation (36) . LKB1 deletion resulted in elevated Fbxw8 protein level via AMP-activated protein kinase (AMPK) and SRE binding protein 1c (SREBP-1c) mediated activation of the Fbxw8 gene transcription, resulting in increased IRS1 degradation. This is of particular interest, as it was shown that LKB1 is required for repression of mTOR under low ATP conditions in an AMPK-and TSC2 dependent manner (37).
However, further exploration of the precise role of CRL7 in the regulation in glucose homeostasis and energy metabolism will require in-depth metabolic profiling and analyses. In addition, it will be important to determine whether inhibition of CRL7 can protect from diet-induced obesity, e.g. in high fat diet models. Delineating these metabolic functions of CRL7 will pave the way towards the development of novel therapeutic strategies to modulate insulin sensitivity for the treatment of insulin resistance and type 2 diabetes.
Highlights
• Dysfunctional insulin signaling is a major cause of insulin resistance and type 2 diabetes.
• Loss of Cullin-RING E3 ubiquitin ligase 7 (CRL7) results in enhanced activation of the insulin signaling pathway in vivo and in vitro
• we report CRL7 as a novel regulator of insulin signaling.
• CRL7 might constitute a novel pharmacological target for the treatment of type 2 diabetes. C2C12 myotubes were treated with siRNA against scramble (white bars) or CUL7 (black bars) for 48 hours, serum deprived and the uptake of radioactive labeled 2-deoxy-D-( 3 H)-glucose (2-DOG) measured under basal conditions and after insulin (100 nM) stimulation for 30 min. ** P = 0.002; N=4. Data are shown as fold increase of 2-DOG uptake normalized to unstimulated controls at 0 min and expressed as mean ± SD. Mice were fasted for 6 hours and insulin or saline injected intra-peritoneally. At 5 min after injection, mice were sacrificed, gastrocnemius muscle snap frozen in liquid nitrogen and tissue lysates subjected to immunoblot analyses for activated AKT pS473 . A. Comparison of Cul7 +/+ (lanes 1-6; white bars) and Cul7 +/− mice (lanes 7-12; black bars). B. Comparison of Fbxw8 +/+ (lanes 1-6; white bars) and Fbxw8 +/− mice (lanes 7-12; black bars). The graph depicts the fold change normalized to unstimulated wild-type controls. Representative blots of four independent experiments. * P < 0.05, ** P < 0.01. Data are shown as fold change normalized to 0 min controls and expressed as mean ± SD. and Fbxw8 +/− mice (black bar). * Data are expressed as mean ± SEM, * P < 0.05, ** P = 0.007.
